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A quiet revolution is afoot in our under-
standing of autism spectrum disorder
(ASD). Classically understood as a social
disorder (Kanner, 1943) that presents
clinically with social and communication
difficulty and restricted patterns of behav-
iors (Lord et al., 2000), both diagnosis
and therapeutic interventions have corre-
spondingly focused upon behavioral and
typical development theory (Lovaas, 1987;
Dawson et al., 2010). Yet recent studies
across multiple fields have begun to sub-
stantiate what my colleagues and I have
come to learn about ASD through almost
two decades of clinical work with chil-
dren. In fact two recent papers propose a
cognitive motor model of autism and sum-
marize much of this research (Rizzolatti
and Fabbri-Destro, 2010; Mostofsky and
Ewen, 2011). That research is further bol-
stered by (auto) biographical work of sev-
eral people living with ASD (Williams,
1994; Biklen, 2005; Iversen, 2007). The
primary claim is as simple as it is rad-
ical ASD has as a primary, defining
feature psychomotor regulation sensory
processing disorder. Whether this psy-
chomotor dimension simply parallels the
social and communication deficits that
consume almost all of the attention and
resources in research and intervention, or
plays an important role in producing those
symptoms will have to be the topic of
future research over the coming decade.
What we can say at present is that an
important psychomotor dimension that
has etiological and symptomatic aspects
exists, and that this has important, if only
nascently understood, therapeutic impli-
cations.
CLINICAL EXPERIENCES
My professional training as a physical ther-
apist leads me to view things through
a physical lens, of sorts. The skeptic is
thus justified to wonder about a physical
bias. Indeed, my ex-husband, with whom
I would frequently discuss my ideas over
the past 20 years, served usefully as pre-
cisely that critic. I was first introduced to a
child with ASD when my then 6-months-
old son was diagnosed. After he died at
the age of five, I began to work with chil-
dren through Therapy Intensive Programs,
Inc. (TIP)1. Between 1995 and 2012, I have
partaken in roughly 72 five day sessions
working with children ages two through
15. In the past couple of years, we have
extended our client base to include young
adults (16–20) and most recently adults
(21+). I briefly describe the trajectory of
my observations and resulting conjectures,
none of which would have been possible
without the stimulation and support of
dozens of TIP team members 2, as well as
the kiddos and their families with whom I
have had the pleasure to work.
Initially, therapy at TIP incorporated
early work examining movement differ-
ences in autism (Donnellan and Leary,
1995), and my observations with my son.
Following Donnellan and Leary’s work,
TIP defines psychomotor regulation dis-
order as difficulty with initiating, inhibit-
ing, or sustaining a movement, thought
or emotion (Damasio and Maurer, 1978;
Donnellan and Leary, 1995). Indeed,
much animal and imaging research focus-
ing on the repetitive behaviors observed
in persons with autism has centered
on the frontostriatal pathways. Science
currently understands the functional role
of frontostriatal pathways is to (1) inhibit
a prior thought, action, or emotion (2)
select the desired thought, action, or emo-
tion, and (3) inhibit competing thoughts,
actions, or emotions. These pathways are
differentially connected in persons with
autism (Lewis and Kim, 2009).
Further, many recent studies have evi-
denced asymmetry of connectivity or
processing of sensory information in per-
sons with autism, including though not
limited to (1) more strongly connected
proprioceptive pathways, (2) differential
processing of visual information, and (3)
attention tomultimodal inputs. Paralleling
the work by Donnellan and Leary, and
more recent neuroimaging and experi-
mental studies, TIP has used “bottom
up” sensory pathways to compensate for
“top down” cognitive motor difficulties.
Examples of bottom up sensory supports
include touch cues, amplified propriocep-
tion, rhythm, multimodal sensory inputs,
and visual supports. We combine these
sensory supports with positive behavioral
supports. If a child with autism has psy-
chomotordifficulties, thenbehaviorshould
be viewed as such rather than described as
escape, non-compliant, or attention seek-
ing. At TIP, we have found that with
provision of sensory supports, movement
difficulties are eased. For example, a child
who frequently paces becomes able to sit
and participate in a 30-min group.
A recent conversation with a special
education teacher illustrates interpreting
a behavior negatively, and an alterna-
tive explanation, based on approaching
autism as a cognitive motor sensory
1TIP is also called Kris’ Camp http://www.kriscamp.org/, named in memory of my son.
2I especially owe debts to Suzanne Oliver and Michelle Welde Hardy (Neurologic Music Therapy Services of Arizona http://www.nmtsa.org/).
Frontiers in Integrative Neuroscience www.frontiersin.org January 2013 | Volume 6 | Article 129 | 1
INTEGRATIVE NEUROSCIENCE
Berger Movement perspective of autism
processing disorder. “FG,” a participant
in our program was a student in this
teacher’s class. Discussing cognitive move-
ment differences in persons with autism,
a teacher described a behavior that she
considered intentional. When presented
with two choices, FG used both hands and
forcefully slapped both choices. Then, after
the teacher said “Nice hands,” FG was able
to touch one choice.
The teacher had interpreted the behav-
ior as intentional because FG was able
to touch the choice following the ver-
bal “reminder.” Alternatively, interpreting
FG’s behavior as cognitive motor diffi-
culty, reliant on bottom up control, we
assume that FG was initially unable to
both control his movement and make
the choice. Then, after he had made
the choice, he was able to control his
movement, also facilitated by the “Nice
hands” prompt. Alternatively, the teacher
could have supported FG by giving him
the initial cue to look at the choices,
with time to make his decision and then
present them again to make his choice. We
have found that increased processing time
combined with other bottom up sensory
supports facilitates controlled movement
(Donnellan et al., 2006). Additionally,
the language we suggest avoids negative
implications. “Ok. FG, get your body
ready. My true choice is . . . .” (present
choices).
INTEGRATING CLINICAL AND SCIENCE
In 1999, I began searching for literature
that could offer theoretical and empirical
insight to what I was observing in the field.
The first article, Teitelbaum et al. (1998)
report asymmetrical development of pos-
tural and developmental reflexes. In 2006,
I returned to graduate school, currently
a doctoral candidate in the Rehabilitation
Science program at University of Florida.
During my tenure in graduate school, sev-
eral studies have examined sensory and
motor learning differences in persons with
autism.
MOTOR
Recent studies investigated motor learn-
ing in high functioning children with
autism (HFA) (Cattaneo et al., 2007;
Fabbri-Destro et al., 2009; Haswell et al.,
2009; Torres, 2012). Cattaneo et al. (2007)
investigated oral musculature activity
when eating. When a typically devel-
oping child first reaches for a cracker,
mouth musculature begins to activate.
Conversely, this same musculature does
not activate until the cracker touches the
autistic child’s mouth. Other researchers
(Fabbri-Destro et al., 2009; Haswell et al.,
2009; Torres, 2012) found low spatiotem-
poral variability in motor learning studies
in persons with HFA.
Many children more severely affected
with autism have difficulty with fine motor
tasks such as eating with a spoon. In
chapter 4 of my MS thesis I evalu-
ate home video of a toddler diagnosed
with ASD compared to home video of
a neurotypical toddler as each eats from
a bowl using a spoon3. I expected to
find highly patterned, repetitive move-
ment tracing the ASD child’s hand through
space, and random, fluid movement trac-
ing the neurotypical child’s hand through
space. Though it is only a comparison
of two children using judgmental cod-
ing techniques of non-standardized home
video, the results (p. 35) confirmed this
expectation. Additionally, there was little
rotation of the forearm for the toddler
with autism.
SENSORY PROCESSING AND
ACCOMMODATIONS
While these studies evidence movement
differences, others evidence differences in
sensory processing in persons with autism.
For example, recent work by Haswell et al.
(2009) indicates that children with autism
have “over connectivity” in propriocep-
tive pathways and are more reliant on
these pathways for motor learning. This
work parallels our observations at TIP.
For example, we observed that our clients
respond favorably to resistance or “ampli-
fied” proprioception. One easy and simple
accommodation we have used at TIP is to
provide rhythmic deep squeezes to facili-
tate maintaining a position. It is a simple
recommendation I have made to special
education teachers. To illustrate, a teacher
expressed concern regarding student safety
on an upcoming field trip. The student
would frequently run without awareness
of safety concerns, and when staff would
hold his hand, he would pull.With this one
simple accommodation, rhythmic deep
pressure, the child was successful and the
teacher was happy.
Other studies have suggested that per-
sons with autism preferentially attend
to multimodal input. For example, Klin
et al. (2009) found that toddlers with
autism preferentially attended to audio-
visual synchrony over motion cues.
This parallels studies evidencing that
persons with autism look more at a per-
son’s mouth than their eyes (Schultz,
2005). Further (Mizuno et al., 2006),
found increased connectivity between
the thalamus and the cerebral cortex.
Thalamocortical connections are thought
to play an important role in intermedi-
ating attention (Zikopoulos and Barbas,
2007). At TIP, two examples of where
we have observed that multimodal input
facilitates attention include (1) audio-
tactile input to body parts for motor
planning, and (2) synchronizing audio
with movement.
For example, we frequently practice
different postures in music activities or
yoga. Instead of providing a full physi-
cal prompt, we combine touch cues and
rhythmic auditory cueing, “Go Go Go.
You can do it!” For example, if the activ-
ity requires that the child get down in a
kneeling position, but he is unable, we
would tap fast on their knees (tactile) or
jiggle their knee facilitating muscle sensory
receptors (proprioception) while provid-
ing auditory cueing. We have found this
support successful in facilitating transi-
tion to the desired posture without phys-
ically placing the person in the position.
Alternatively, an audio cue combined with
a visual model has supported independent
movement as well.
Though these examples just touch
on therapeutic strategies we have found
useful at TIP, they illustrate how inte-
grating clinical observation, biographical
accounts, and scientific studies can
inform and refine treatment methods.
Further, recent research agendas urge
rehabilitation scientists to look for the
active ingredients in therapeutic strate-
gies rather than examining “treatment
packages.” Uncovering the active ingre-
dients will optimize dose, frequency, and
3The thesis can be found online at http://kriscamp.org/news/index.html.
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location of interventions (The American
Occupational Therapy Foundation and
The American Occupational Therapy
Association, 2011; www.aota.org/docu
mentvault/research/45008.aspx). TIP has
experienced success using key ingredient
sensory support accommodations.
FIRST PERSON EXPERIENCES
Though autobiographical accounts of
people living with ASD are not scientific
evidence, they nonetheless provide useful
information we can use to both check,
and enhance, new understanding. In par-
ticular, two autobiographical accounts
illustrate how some individuals experience
sensory and motor differences.
[The] knack of knowing where my
body is does not come easy for me.
Interestingly I do not know if I am sitting
or standing. I am not aware of my body
unless it is touching something . . . Your
hand on mine lets me know where my
hand is. Jarring my legs by walking tells
me I am alive.—Chandima Rajapatirana
in Wallis (2006).
To think about it, I recall that I learnt
every skill through the touch method. I
have a problem imitating any movement
by looking at people performing or by
mapping the instructions given me . . . .
The simple task of holding a spoon and
taking food tomymouthwas also taught
by my speech therapist for by helpingme
for the first few times till my habit devel-
oped . . .Tito Rajarshi Mukhopadhyay in
Biklen (2005).
CONCLUSION
It is important to emphasize the extent to
which this research is being done by schol-
ars working in different disciplines and
publishing in journals with often rather
distinct audiences. Put starkly, much of
this work is being done in semi-isolation
with few of the researchers aware of the
full breadth of relevant work being done by
others, and here I am only speaking to the
work being done by scholars. The current
gap between these sundry researchers and
the therapists, special education profes-
sionals, medical doctors, and others work-
ing with the ASD population is a veritable
chasm. In the early stages of a revolution
both are inevitable. As more of us come to
understand ASD as having an important
psychomotor dimension this will change,
and as that happens an exciting, vibrant
field will emerge. I look forward to con-
tributing as a scholar who can bring clini-
cal experience to the field, and hope to also
play a role helping to translate the find-
ings in the more technical work so that it is
accessible to those working in therapeutic
settings.
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